During the study of hydrocarbon-degrading bacteria in the oil-contaminated soil of Gunsan, North Jeolla Province, South Korea, a yellow, Gram-stain-negative, aerobic, motile, rod-shaped bacterium, designated strain DKC-5-1 T , was isolated. This strain was non-sporulating, catalase-negative and oxidase-positive. It was able to grow at 10-33 C, pH 6.0-8.5 and at an NaCl concentration of 0-1.5 % (w/v). This strain was characterized taxonomically using a polyphasic approach. 
The genus Sphingomonas of the family Sphingomonadaceae, belonging to the phylum Proteobacteria, was first described by Yabuuchi et al. (1990) . From the data obtained from phylogenetic, chemotaxonomic and physiological analyses, the previously described genus Sphingomonas has now been divided into five genera: Sphingomonas, Novosphingobium, Sphingobium, Sphingopyxis and Sphingosinicella (Takeuchi et al., 2001; Maruyama et al., 2006) . At the time of writing, the genus Sphingomonas comprises 95 species with validly published names (http://www.bacterio.net/sphingomonas.html), among which Sphingomonas paucimobilis is the type species (Takeuchi et al., 2001) .
The species of the genus Sphingomonas are yellow or white, rod-shaped, Gram-staining negative, non-sporulating, motile or non-motile and strictly aerobic. Chemotaxonomically, species of the genus Sphingomonas are characterized by the presence of ubiqunone-10 as the predominant respiratory quinione, homospermidine as the major polyamine, 18 : 1, saturated 16 : 0 and/or 17 : 1, 2-OH 14 : 0 or 2-OH 15 : 0 as the major fatty acid and glycosphingolipid as a component of the polar lipid (Takeuchi et al., 2001; Yabuuchi et al., 2001; Busse et al., 2005; Wittich et al., 2007; Chen et al., 2013; Kim et al., 2014) . The members of the genus Sphingomonas have been isolated from a wide variety of habitats, including soil, roots of trees, clinical specimens, stocked distilled water, fresh water, activated sludge, sediments, air (Takeuchi et al., 2001 ), a hexachlorocyclohexane dump site (Nigam et al., 2010; Kaur et al., 2012) and oil-contaminated water (Luo et al., 2012) .
This study describes strain DKC-5-1 T , a novel member of the genus Sphingomonas, isolated from an oil-contaminated soil sample from Gunsan, North Jeolla Province, South Korea, during a study of hydrocarbon-degrading bacteria. Based on the results obtained from phenotypic, genotypic, chemotaxonomic and phylogenetic analyses, strain T is proposed to be a novel species of the genus Sphingomonas.
For isolation, a modified culture technique with 6-well polycarbonate transwell plates (Pham & Kim, 2012) was applied. In this technique, 3 g of normal soil was added to each well and transwell inserts were placed in the soil. Each insert contained 3 ml of R2A medium (MB Cell) and 1 g of oil-contaminated soil sample. The plate was incubated at room temperature in a shaker for 4 weeks. At the end of each week, liquid cultures were taken and serially diluted. Approximately 100 µl of the diluted culture suspension was spread onto R2A agar plates and incubated at 28 C for 1 week (Chaudhary & Kim, 2016) . For pure colonies, the bacterial growth was repeatedly streaked in R2A medium and the pure colonies obtained were preserved at À70 C in R2A broth supplemented with 20 % (v/v) glycerol stock.
The cell size and morphology of strain DKC-5-1 T (Fig. S1 , available in the online Supplementary Material) grown on R2A agar for 3-5 days at 28 C were studied by scanning electron microscopy (S-4800; Hitachi) and transmission electron microscopy (Bio-TEM, Hitachi; H-7650). Colony characteristics were observed after incubation of the bacterial cells at 28 C for 5 days on R2A agar. Gram-type was determined by the method described by Doetsch (1981) and by the KOH-staining testing technique (Powers, 1995) . The motility test was performed in SIM medium (Oxoid) and R2A medium supplemented with 0.4 % (w/v) agar. Growth on different bacteriological culture media was assessed by using R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar 2216 (Difco), Luria-Bertani agar (LBA; Oxoid), veal infusion agar (VIA; Difco) and brain heart infusion agar (BHI; Bacto). Growth at different temperatures was observed on R2A plates incubated at 4-37 C (4, 10, 12, 15, 20, 25, 28, 30, 32, 35 and 37 C) . Growth at different NaCl concentrations was examined by using R2A broth as the basal medium supplemented with 0-5 % NaCl (w/v, at intervals of 0.5 %). The optimum pH for growth was assessed in R2A broth. For pH tests, the R2A medium was adjusted to pH 4.0-10.0 (at intervals of 0.5 pH unit) prior to autoclaving using citrate/NaH 2 PO 4 buffer, 0.1 M (for pH range 4.0-5.5), phosphate buffer, 0.1 M (for pH range 6-7.5) and Tris buffer, 0.2 M (for pH range pH 8-10) (Breznak & Costilow, 2007) . Anaerobic growth was tested on R2A agar incubated at 28 C for 10 days by using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Endospore formation was examined according to the Schaeffer-Fulton method by staining bacterial cells with malachite green. Catalase and oxidase tests were performed as described by Lin et al. (2014) . The indole test was conducted by adding Kovac's reagent, and hydrogen sulphide production was tested by observing the presence or absence of blackening in SIM medium (Oxoid). The MR-VP test was performed in MR-VP broth and incubated at 28 C for 48 h (Vaughn et al., 1939) . The DNA degradation test was performed by flooding agar plates with 1 M HCl (Kim et al., 2013) . Starch hydrolysis was performed as described previously (Tindall et al., 2007) and Tween 40, Tween 80 and esculin hydrolysis tests were conducted according to Smibert & Krieg (1994) . Gelatin and casein hydrolysis were assessed according to the procedure described by Cowan & Steel (1965) . Degradation of xanthine and hypoxanthine was analyzed by the procedure described by Gordon et al. (1974) . Hydrolysis tests for CM-cellulose, tyrosine and chitin were conducted using R2A medium supplemented with CM-cellulose (1 %, w/v), tyrosine (0.1 %, w/v) and chitin (1 %, w/v) (Kim et al., 2015) . Antibiotic susceptibility tests were performed on R2A plates by the paper disc method using kanamycin (30 µg), tetracycline (30 µg), rifampicin (10 µg), novobiocin (30 µg), nalidixic acid (30 µg), neomycin (30 µg), gentamycin (10 µg), ampicillin (30 µg), streptomycin (10 µg), penicillin (10 µg), cyclohexamide (30 µg), chloramphenicol (100 µg), trimethoprim (30 µg) and sulfamethoxazole (30 µg), as described previously (Dahal & Kim, 2016) . Other physiological, biochemical and enzymatic activities were performed using API 20NE, API ID 32GN and API ZYM test kits (bioM erieux), according to the manufacturer's instructions. The phenotypic characteristics of strain DKC-5-1
T are illustrated along with those of other closely related species in (Table 1) .
Genomic DNA of strain DKC-5-1 T was extracted according to the procedure described by Marmur (1961) . The 16S rRNA gene was amplified by PCR using forward primer 27F and reverse primer 1492R (Frank et al., 2008 ). The PCR product was then sequenced with an Applied Biosystems 3730XL DNA analyzer utilizing the BigDye terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR Inc.). The nearly complete length of the 16S rRNA gene sequence for strain DKC-5-1 T was 1432 bp. The closest phylogenetic neighbours for this sequence were identified by applying the EzTaxon-e database . The 16S rRNA gene sequence of strain DKC-5-1 T was subjected to multiple alignments with the sequences of closely related bacteria using CLUSTAL X 2.1 (Thompson et al., 1997) . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit (Hall, 1999) . Phylogenetic trees were reconstructed by three different methods: the neighbour-joining method (Saitou & Nei, 1987) , the maximum-parsimony algorithm (Fitch, 1971 ) and the maximum-likelihood algorithm (Felsenstein, 1981 ) using the MEGA 6 program (Tamura et al., 2013) . During phylogenetic analysis, evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) , and bootstrap values were calculated based on 1000 replications (Felsenstein, 1985) . The comparison of the resulting 16S rRNA gene sequence with the available 16S rRNA gene sequences from GeneBank by using the EzTaxon-e database (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) T were selected as reference strains for physiological tests, biochemical studies and chemotaxonomic analysis.
The respiratory quinones and polar lipids were analyzed from freeze-dried cells, as described by Minnikin et al. (1984) . Isoprenoid quinones were extracted with Tween 40 methanol-water (10:1 by volume; water containing 0.3 %, w/v, sodium chloride) and petroleum ether at 60-80 C, evaporated under a vacuum, re-extracted with acetone and analyzed by HPLC (Collins & Jones, 1981; Minnikin et al., 1984) . Two-dimensional TLC using chloroform/ methanol/water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2; by vol.) in the second dimension was used to analyze the polar lipid profile. Appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) were used to visualize the spots; molybdophosphoric acid [phosphomolybdic acid reagent, 5 % (v/v) solution in ethanol; SigmaAldrich] was used to detect total polar lipids, ninhydrin reagent [0.2 % (w/v) solution; Sigma Life Sciences] was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids, and a-naphthol reagent was used to detect glycolipids. For the analysis of fatty acids, strain DKC-5-1 T and its reference strains were cultured on TSA agar plates at 28 C for 3 days. Biomass of all strains was harvested in the same growth phase (3 days: late exponential phase) and subjected to saponification and methylation; it was then extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). Analysis of fatty acids was performed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and the fatty acids were identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polyamines were extracted and analyzed by the technique, as described previously (Busse & Auling, 1988; Busse et al., 1997) . For determination of quantitative polyamine patterns, HPLC was performed using equipment as reported by Stolz et al. (2007) . The measurement of the G+C content of the chromosomal DNA
Sphingomonas panni C52 T (AJ575818)

Sphingomonas hankookensis ODN7 T (FJ194436)
Sphingomonas desiccabilis CP1D T (AJ871435)
Sphingomonas dokdonensis DS-4 T (DQ178975)
Sphingomonas asaccharolytica NBRC 15499 T (Y09639)
Sphingomonas pruni NBRC 15498 T (Y09637)
Sphingomonas mali NBRC 15500 T (Y09638)
Sphingomonas oligophenolica JCM 12082 T (AB018439)
Sphingomonas koreensis JSS26 T (AF131296)
Sphingomonas ginsenosidimutans Gsoil 1429 T (HM204925)
Sphingomonas guangdongensis 9NM-8 T (JQ608326)
Sphingomonas yantingensis 1007 T (JX566547)
Sphingomonas polyaromaticivorans B2-7 T (EF467848)
Sphingomonas naphthae DKC-5-1 T (KU312690)
Sphingomonas starnbergensis 382 T (JN591314)
Sphingomonas laterariae LNB2 T (HM159118)
Sphingomonas haloaromaticamans A175 T (X94101)
Sphingomonas wittichii RW1 T (CP000699)
Sphingomonas histidinilytica UM2 T (EF530202)
Sphingobium xanthum NL9 T (KF437579)
Sphingobium jiangsuense BA-3 T (HM748834)
Sphingobium ummariense RL-3 T (AUWY01000048)
Sphingopyxis granuli Kw07 T (AY563034)
Sphingopyxis ginsengisoli Gsoil 250 T (AB245343)
Novosphingobium indicum H25 T (EF549586)
Novosphingobium naphthalenivorans TUT562 T (AB177883)
Novosphingobium soli for strain DKC-5-1 T was performed according to the procedure described by Mesbah et al. (1989) .
The only isoprenoid quinone of strain DKC-5-1 T was ubiquinone 10 (Q-10), as found in all known members of the genus Sphingomonas. Strain DKC-5-1 T contained phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, sphingoglycolipid and phosphatidyldimethylethanolamine as the major polar lipids. Additionally, two unidentified phospholipids, one unidentified aminolipids and three unidentified lipids were detected (Fig. S2) À1 ] of putrescine, cadaverine and spermine. The major fatty acids detected from strain DKC-5-1 T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c; 60.1 %), C 16 : 0 (16.9 %), C 14 : 0 2-OH (9.1 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 3.7 %), C 17 : 1 !6c (3.1 %), and C 14 : 0 (2.7 %). The fatty acid profile of strain DKC-5-1
T was similar to that of other members of the genus Sphingomonas, indicating that strain DKC-5-1
T is a member of the genus Sphingomonas. However, the presence of some significant differences in the contents of the fatty acids clearly distinguished strain DKC-5-1
T from other closely related species of Sphingomonas (Table 2 ). The DNA G+C content of strain DKC-5-1 T was 65.9 mol%, which falls within the range of 62-68 mol% for the genus Sphingomonas, as described by Takeuchi et al. (2001) .
Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data mentioned above, strain DKC-5-1 T represents a novel species within the genus Sphingomonas, for which the name Sphingomonas naphthae sp. nov. has been proposed.
Description of Sphingomonas naphthae sp. nov.
Sphingomonas naphthae sp. nov. (naph¢thae. Gr. n. naphtha, oil; N.L. gen. n. naphthae, of oil).
Gram-stain-negative, aerobic, non-spore forming, rods and motile with a single polar flagellum. The size of cells is 0.31 to 0.51 µm wide and 1.26 to 1.80 µm long. The size of the colonies is 0.5-1 mm in diameter after incubation on R2A agar at 28 C for 5 days. Colonies on R2A are yellow, circular, smooth, convex and opaque with entire margins. Cells grow well on R2A, TSA, LB and veal infusion agar, poorly on NA and brain heart infusion agar, and do not grow on MacConkey and marine agar. Cell growth can be observed at temperatures of 4-33 C (optimum, 25-28 C) and pH 6.0-8.5 (optimum, 6.5.0-8.0). Grows optimally in the absence of NaCl, but can tolerate up to 1.5 % NaCl (w/v). Positive for oxidase, but negative for catalase, H 2 S production, indole production, methyl red, Voges-Proskauer tests and cannot hydrolyze chitin, casein, starch, gelatin, Tween 80, CM-cellulose, xanthine or hypoxanthine. With the API ZYM test kit, the strain shows the following enzyme activities: positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase; weakly positive for N-acetyl-b-glucosaminidase, and negative for lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase. During API 20NE testing, esculin ferric citrate is hydrolyzed and D-glucose, Larabinose, D-maltose and trisodium citrate are assimilated. The strain tested negatively for nitrate reduction, fermentation of glucose, L-tryptophan, L-arginine, urea, gelatin, and 4-nitrophenyl-bD-galactopyranoside. Cannot assimilate D-mannose, D-mannitol, N-acetyl glucosamine, potassium gluconate, capric acid, adipic acid, malic acid and phenylacetic acid. Can utilize D-maltose, D-glucose, L-arabinose, trisodium citrate and 4-hydroxybenzoic acid, but weakly utilizes 3-hydroxybutyric acid and cannot utilize L-rhamnose, N-acetylglucosamine, D-ribose, inositol, -saccharose, itaconic acids, suberic acid, sodium malonate, sodium acetate, lactic acid, Lalanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-serine, D-mannitol, salicin, D-melibiose, L-fucose, D-sorbitol, propionic acid, capric acid, valeric acid, L-histidine, potassium 2-ketogluconate and L-proline (API ID 32GN). Susceptible to novobiocin, nalidixic acid, neomycin, gentamycin, streptomycin, tetracycline and rifampicin, but resistant to ampicillin, kanamycin, penicillin, cyclohexamide, chloramphenicol, trimethoprim and sulfamethoxazole. Q-10 is the only respiratory quinone and homospermidine is the major polyamine. The major polar lipids present are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, sphingolipid and phosphatidyldimethylethanolamine, along with two unidentified phospholipids, one unidentified aminolipid and three unidentified polar lipids. The major fatty acids are summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 16 : 0 , C 14 : 0 2-OH, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 17 : 1 !6c and C 14 : 0 .
The type strain, DKC-5-1 T (=KEMB 9005-380 T =KACC 18716 T =JCM 31294 T ), was isolated from oil-contaminated soil in Gunsan, North Jeolla Province, South Korea. The DNA G+C content of the type strain is 65.9 mol%.
